A recent argument that the cosmological constant can be computed exactly from fundamental physics parameters is extended. We show that the DiracKerr-Newman electron event horizon can be expressed in terms of both the fine structure and cosmological constants. This leads to a geometric mean distance scale which exceeds the infinite time cosmic event horion.
Introduction
In this, the golden age of cosmology, one cannot help but harken back to the golden age of black hole research, 1963-1977, during which most of today's current theory of the structure of classical black holes was finalized. Today, this understanding is being applied and extended to diverse areas of study, ranging from extreme black holes in brane world theory, to billion-solar mass black holes powering quasars. One would hope that similar pioneering efforts to understand the nature of the so-called dark energy, both theoretically and experimentally, will pay similar dividends in as little time. Ten years after the discovery of dark energy, much progress has been made, and ambitious observational projects are in the works to further refine models, such as quintessence [1] . Yet it is fair to say that we are far from a universal consensus on the nature and dynamics of the dark energy driving the acceleration of the Hubble expansion, discovered a decade ago. Most studies have employed astronomical methods, with a continuing focus on supernovae [2, 3] ,the ISW effect [4, 5] & the CMB [6] These have perhaps reached the penultimate refinement by the recent measurements of Vikhlinin et al. [7] , of the dynamics of galactic clusters, in which three different measurement methodologies have set the value of the equation of state parameter to the value: w = -0.991 +/-0.045, which strongly suggests that a cosmological constant (w= -1) affords the best fit to the accelerated expansion data of the universe. Working under this assumption, we show that the clearest physical meaning of Beck's relation [8] is in the form of a cosmological length scale relative to the Compton wavelength and the Schwarzschild radius of the electron. Adopting the Kerr-Newman model of the electron [9] [10] [11] [12] [13] , as a spinning, charged black hole, we show that the modulus of the complex event horizon is identical with the radius of the naked ring singularity expressed in terms of these parameters, and that a geometric mean of the Schwarzschild radius of the electron, and a new cosmological length scale, is identical to the electron zitterbewegung radius. We speculate about the interpretation of this new scale.
Relations
In a penetrating and insightful way, Beck [8] has shown in a statistical interpretation of Dirac's large number hypothesis, that the currently accepted observational value for the cosmological constant Λ, is beautifully in accord with the value derived from fundamental particle parameters as
where α is the fine structure constant, m e the electron mass, G and ℏ are Newton's and Dirac's constants respectively, and Λ has a precision limited to about 200ppm, due only to measurement uncertainties in the fundamental constants.
Writing out the constituent factors in terms of length scales, (1) can be reexpressed as
Here Rs is the Schwarzschild radius of the electron, λ c is the reduced Compton wavelength, and along with α , completely specifies the value of the cosmological constant in terms of the parameters used to gauge the size of the electron described as a Kerr-Newman black hole. This is particularly striking, as the cosmological constant corresponds to the deSitter scale of the universe, some 10 26 meters, being gauged in terms of a sub-Planckian length scale of R S ∼ 10 −57 meters, a hierarchy spanning over 80 orders of magnitude. More remarkable perhaps, is that attempts to model the Dirac electron as a Kerr-Newman black hole, were shown by Carter [9] to yield exactly Dirac's value for the gyromagnetic factor of g = 2. Ambitous attempts to develop this model further have demonstrated a finite value for the self-energy [10] , charge and spin quantization [11] , a beautiful isometry between the Kerr-Newman geometry and Dirac spinors [12, 13] , and a prediction that the positron may possess negative mass [14] . Nonetheless, acceptance has been difficult, due to the absence of detectable signatures in electron scattering experiments, Hawking radiation, and the appearance of a naked singularity, brought out most clearly by the expression for the event horizon radius,
where m p = 1.22 × 10 28 electron-volts is the Planck mass.
Since the last term under the radical is on the order of 10 89 , it is clear that (3) becomes complex.
We can rewrite (3) in terms of length scales, viz,
where l p = 1.62 × 10 −35 meters is the Planck length.
Using (2), we can express (4) in terms of the cosmological constant,
If we compute the modulus of this complex event horizon radius, we obtain the radius of the Kerr ring singularity itself:
This is one-half the Compton wavelength of the electron, or Dirac's zitterbewegung radius. Thus it would appear that the cosmological constant is a structural parameter of the DKN electron-black hole. The cancellation of factors of two in the expression for the square of the Planck length,
strongly suggests that black hole radii are the physical origin of the quantum gravity scale, and not merely dimensionful groupings of the fundamental constants, ℏ, G, and c. The algebraic structure of eq. (2) is highly suggestive of another geometric mean, which we write as, The hierarchy of current length scales in cosmology [15] is as follows:
2 Gpc is called the Hubble scale for obvious reasons, and is the length scale corresponding to our 13.7 Gy old universe.
R particle = 14.1 Gpc is the more physically relevant particle horizon, and corresponds to light signals emitted at the big bang. R ∞ = 19 Gpc. We shall refer to R ∞ as the eternal horizon, as it is the largest physical scale calculable in FRW cosmology. If our universe has an infinite lifetime, this distance is the farthest we can ever directly observe. As such it is an information barrier to events happening beyond it.
R MV = 3.5 Ppc, which exceeds the particle and eternal horizon scales of our universe by five orders of magnitude.
Rewriting (2) in terms of R MV , we have
We conjecture that this may be the actual scale at which the presence of the multiverse is manifest and predictable, as a spatial separation between our eternal horizon, and that of a parallel universe. If so, it would seem to attribute the very small, but non-zero magnitude of the cosmological constant to a scale far exceeding the bounds of our physical universe. Moreover, any speculation about the variation of the fine structure constant over cosmological time scales would seem to be at odds with the relation,
Thus it is quite plausible that very large fluctuations in a small cosmological constant would be conjugate to tiny fluctuations in a huge multiverse scale, thereby rendering the fine structure term truly constant. Lastly, we compute the Beckenstein-Hawking entropy associated to the multiverse scale as,
Thus the multiverse entropy is enhanced approximately a trillion times that associated to just the cosmological constant alone.
Discussion
One can only speculate how the cosmological constant influences the properties of the electron, which if it can be interpreted as a Kerr-Newman black hole, should possess only three good quantum numbers, namely mass, spin, and charge to completely specify its properties. Yet it clearly depends upon the cosmological constant as well. The dark energy corresponding to the cosmological constant has a negative pressure, and would seem to preclude an electromagnetic nature. Nonetheless, other work in progress by Beck and collaborators [16] to search for a cutoff in the noise spectrum of Josephson junctions, would seem to depend critically upon an electro-gravitational coupling of dark energy. With regard to the conjectured multiverse scale, R MV ,there is no widespread agreement on any theoretical or experimental value. After the recent observation of a large scale cosmic void [17] , speculation arose as to whether this void was a mutliverse signature [18] .
Unfortunately, subsequent analysis of the data presented compelling evidence that the void was simply an artifact of the statistics used in its interpretation as such [19] . The multiverse scale presented here is unexpected, in that it relies upon two measures which one would think to be uniquely intrinsic to our universe, namely the cosmological and fine structure constants. Perhaps this is not the case, and nature has made it possible to ascertain the scale of the multiverse in terms of multiversal constants that do not vary from universe to universe. If this is the case, it also follows that electrons possess a multiversal reality via their description as Kerr-Newman black holes, and may offer a microcosmic connection to the multiverse, complementary to the astronomical one.
